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ABSTRACT 

Background: Prone position is one of the challenging and widely used surgical positions with high rates of 
complications. The applied position and selected ventilation parameters during the operation are known to 
influence the pulmonary mechanics. 

Objective: This study was conducted to compare two modes of ventilation; volume controlled and pressure- 
controlled ventilation and their effect on improvement of respiratory dynamics. 

Patients and Methods: This prospective randomized controlled study included a total of 60 patients who had 
posterior lumbar spine surgery in prone position, attending at Department of Anesthesiology and Surgical ICU, 
Aswan University Hospital, Egypt. This study was conducted between June 1, 2017 to December 13, 2018. 
Patients were randomly divided between two groups, 30 patients each; Group (1): were received VCV mode and 
Group (II): were received PCV mode. Then study parameters were recorded intraoperative and postoperative in 
the two groups of ventilation modes. The study parameters which were recorded: Peak inspiratory pressure (Ppeak), 
Plateau pressure (Pplateau), dynamic compliance (Cyn), ETCO2, Tidal volume (Vr), respiratory rate (RR). 
Results: As regarding Ppeak and Ppiat, they were statistically significant lower in PCV group than VCV group at 
both supine and prone positions. As regarding Cayn, it was statistically significant higher in PCV group than VCV 
group at both supine and prone positions. Arterial oxygen tension (PaOz) was significantly higher in PCV group 
intraoperative in prone position and postoperative. 

Conclusions: Compared with VCV, PCV is better regarding the respiratory dynamics including lower Ppeax and 
Ppiat. It has also higher Cayn and oxygenation. PCV it is more suitable for general anesthesia of posterior lumbar 
spine surgery patients in prone position. 

Keywords: pressure-controlled ventilation, volume controlled ventilation, respiratory mechanics, lumbar spine 
surgery. 


INTRODUCTION 

The number of lumbar spine surgical ventilation and cardiac dysfunction during prone 
procedures has been obviously increasing ®. The position. The prone position alters respiratory 
most important indications for spine surgery include dynamics by increasing airway pressure and 
intervertebral disc prolapse, degenerative disc decreasing respiratory compliance. The applied 
disease, scoliosis and spondylolisthesis. This type of positioning and selected ventilation parameters 
patients are a prominent group among hospitalized during the operation are known to influence the 
patients especially most of them present with acute pulmonary mechanics and so oxygenation ®. 
surgical condition. In these surgeries, perioperative In volume controlled ventilation (VCV) mode, 
complications mostly occur in about 22% of patients. tidal volume, respiratory rate and Inspiration/ 
Among complications, those affecting the respiratory expiration (I/E) are under control of the anaesthetist. 
system which have been of high morbidity rates ®. The aim of this mode is to perform fixed minute 

During posterior lumbar spine surgery, the ventilation for the patient. The airway pressure in 
prone position is commonly used to expose the dorsal VCV mode may change depending to resistance and 
surface of the body for specific surgical indications compliance therefore there is a risk of increased 
©, During general anaesthesia, changing from the airway pressures. For this reason, pulmonary 
supine to prone position may have adverse effects on compliance and airway resistance should be 
epidural venous pressure and respiratory mechanics monitored ©, 
For surgeons, the major problems encountered in In pressure controlled ventilation (PCV), the 
performing spine surgery are exposure of the surgical parameters that are under anaesthetist control are 
field and bleeding from it. For anaesthetist, the major peak airway inspiration pressure, respiratory rate and 
problems noted in those patients are difficulties in the Inspiration / expiration (I/E) ratio. Peak flow rate is 
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reached in the beginning of inspiration. It decreases 
throughout the inspiration and continues until the end 
of inspiration time. In PCV mode, attention should 
be paid to tidal volume which may change ™. 

This study was designed to compare between 
two modes of ventilation, pressure controlled 
ventilation and volume controlled ventilation 
regarding respiratory dynamics including peak 
pressure, plateau pressure and dynamic compliance 
to distinguish which of them is better in improving 
the perioperative pulmonary effects and oxygenation 
for patients of posterior lumbar spine surgeries in 
prone position. This because all the previously 
mentioned respiratory parameters are changing 
during this type of patients which were reflecting on 
respiratory mechanics, oxygenation, and morbidities. 
PATIENTS AND METHODS 

This prospective randomized controlled study 

included a total of 60 patients who had posterior 
lumbar spine surgery in prone position, attending at 
Department of Anesthesiology and Surgical ICU, 
Aswan University Hospital, Egypt. This study was 
conducted between June 1, 2017 to December 13, 
2018. 

Ethical Consideration: 

This study was ethically approved by Ethical 
Committee, Faculty of Medicine, Aswan 
University Hospital. Written informed consent 
from every participant in this research was taken. 
The confidentiality of all participants admitted to this 
study was fully protected. Ethical aspects whether 
substantial or procedural were implicated in this 
study. The signed informed consent form was a 
permanent part of the participant’s study records and 
will be maintained in the same manner as other 
records. 

Patients were randomly selected by opening 
sealed envelopes, to receive either PCV or VCV. 
Computerized randomization was done to divide the 
60 patients of the study into two groups, 30 patients 
each; Group (I): were received VCV mode and 
Group (II): were received PCV mode. 

Inclusion criteria: 

e Age: 20:60 years old. 

e Gender: males and females. 

e BMI 18.5: 29.9 Kg/ m2. 

e Non-smoker. 

e Free from cardiac, pulmonary, hepatic, renal, 
endocrine, cerebrovascular or neuromuscular 
diseases. 

e No history of previous lung surgery. 

e Expected surgery time is 2 hours. 

e No expected massive intra-operative bleeding. 

e Fulfill the ethical considerations. 

Exclusion criteria: 

e Age < 20 years or > 60 years old. 

e Body mass index (BMI) equal or more than 30 
kg/m2. 
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e ASA M & IV. 

e Smoker. 

e Cardiac or pulmonary or hepatic or renal or 
endocrine or cerebrovascular or neuromuscular 
diseases. 

e Previous lung surgery. 

e Fxpected surgery time more than 2 hours. 

e Fxpected massive intra-operative bleeding. 

e Didn’t fulfill the ethical considerations. 

All the basic preoperative laboratory and 
radiological investigations were done for all patients 
to confirm that all patients fulfilled the inclusion and 
exclusion criteria. 

24 hours preoperatively, arterial blood gases 
(ABG) in the form of PH, PaO2, PaCO2, HCO3 were 
checked and recorded to evaluate the basic normal 
levels for the patient, so we could compare between 
these basic levels and the recorded intraoperative and 
postoperative results in the two groups of ventilation 
modes through the study. 

Preoperatively, all the patients were planned to 
fast 7 hours and a peripheral intravenous line 18 
gauge was established in the ward with 
premedication of ranitidine 50 mg and odansetron 4 
mg intravenous medications were given one hour 
before surgery. 

On arrival to the operating room, standard 
monitoring were applied consisting of ECG, pulse 
oximetry, non-invasive blood pressure (which setted 
to measure the blood pressure every 5 minutes). 

After Allen’s test was satisfactory, an arterial 
cannula was inserted in the radial artery after 
induction of anaesthesia for extraction of ABG 
samples. The anaesthesia machine and the monitor 
used in the study were the same in all patients of the 
study. The monitor was equipped by anaesthetic gas 
and CO2 analyser (capnography). 

All given medications doses and ventilator 
settings in the study were calculated according to the 
ideal body weight equation: 

For males: 50 + 0.91 (height in cm — 152.4) 
For females: 45.5 + 0.91 (height in cm — 152.4) 

Preoxygenation for 5 minutes was done in all 
patients with FiO2 of 100% followed by induction 
which was established for all patients also and done 
in supine position by IV injection of morphine 0.1 
mg/ kg, Lidocaine (2%) 0.03 mg/ kg before propofol 
injection, Propofol 2 mg/ kg and muscle relaxation 
by atracurium 0.5 mg/kg. 

Maintenance of anesthesia were established the 
same also for all patients by isoflurane with end tidal 
concentration of 0.8: 1.2. Atracurium 0.1 mg/ kg IV 
was given every 20 minutes from induction dose 
time. IV fluid replacement by crystalloids was 
calculated according to the fasting time and 
intraoperative fluid losses. Ketorolac 60 mg IV with 
150 ml normal saline IV infusion over 1 hour and 
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paracetamol | gm IV infusion were given as a part of 
analgesia for all patients of the study. 
Volume controlled ventilation (VCV) group 
ventilator settings were adjusted as tidal volume 
(VT) 8 ml/ kg, RR was adjusted to maintain an end 
tidal CO2 (ETCO2) of 33 : 35mmHeg, Inspiratory to 
expiratory time (I: E) of 1 : 2, Positive end expiratory 
pressure (PEEP) of 0 cm H20 and FiO2 50% (02 : 
air concentration = 1 : 1). 
Pressure controlled ventilation (PCV) group 
ventilator settings were adjusted as Inspiratory 
pressure was setted in two times; after induction of 
anaesthesia in supine position and once the patient in 
prone position. At both times the Pins was setted to 
deliver a tidal volume (VT) of 8 ml/ kg, RR was 
adjusted to maintain an end tidal CO2 (ETCO2) of 
33 : 35 mmHg, Inspiratory to expiratory time (I : E) 
ratio of 1 : 2, Positive end expiratory pressure (PEEP) 
of 0 cm H20, FiO2 50% (02 : air concentration = 1 
: 1). 
Recovery from anesthesia at the end of the surgery 
done by stoppage of isoflurane, neostigmine 0.04 
mg/ kg, atropine 0.02 mg/kg. 
After induction of anesthesia and in supine 

position, the following parameters were recorded: 

e Peak inspiratory pressure (Ppeak). 

e Plateau pressure (Ppiateau). 

e Dynamic compliance (Cayn) be this equation: 

Vr 

PIP — PEEP 

e End tidal Carbon dioxide (ETCO2). 

e Tidal volume (Vr). 

e Respiratory rate (RR). 
30 minutes after prone position, these parameters 
were recorded: 

e Ppeak 


Ca yn = 


e Pplateau 
© Cayn by the same equation 
e ETCO2 
evr 
e RR 
e Arterial blood gases for documentation of PH, PaO2 
and PaCO2. 
One hour postoperatively in the recovery room, these 
parameters were recorded: 
e Arterial blood gases for documentation of PH, PaO2 
and PaCO2. 
Statistical methods 
Descriptive analysis was presented using the 
mean values and standard deviations (SD). The 
compliances of the variables with the normal 
distribution were analysed. As the continuous 
variables were not complaint with the normal 
distribution, Wilcoxon signed ranks test was used for 
comparison of dependent variables, while Mann- 
Whitney U test was used for comparison of 
independent variables. The Student t test was used 
for independent continuous variables with normal 
distribution, while paired samples t test was used for 
the comparison of dependent variables with normal 
distribution. The results of the evaluation were 
considered to be statistically significant when p- 
values were less than 0.05. 
RESULTS 
Comparison between the two groups of 
ventilation group (I) and group (II) was done in these 
points: ETCO2 in supine position. ETCO2 in prone 
position. VT in supine position. VT in prone position. 
RR in supine position. RR in prone position. Ppeak in 
supine position. Ppeak in prone position. Ppia in supine 
position. Ppiz in prone position. Cayn in supine 
position. Cayn in prone position. 


Table (1): Respiratory parameters during mechanical ventilation. 
























































VCV Grou PCV Grou 
Item (n=30) p (n=30) p P-value 

Supine 34.141.2 34.4+1.0 0.238 

PR Prone 35.0+1.1 34.2+1.0 0.006 

m Supine 525.7435.0 504.0451.1 0.061 
d Prone 522.0+33.0 443.0439.8 0.000% 
zR Supine 12.141.1 11.3+0.99 0.004% 
Prone 10.1+0.97 11.0+0.98 0.001% 
5 Supine 20.1+1.2 18.5+1.0 0.000% 
peak Prone 21.8+0.4 20.3+0.7 0.000* 
5 Supine 19.2+0.99 17.140.8 0.000% 
Plat Prone 19.9+0.8 18.5+0.7 0.000% 
z Supine 39.8+4.1 43.043.1 0.001% 
ay Prone 30.843.7 38.643.1 0.000% 








N.B: Parameters in supine position were recorded in supine position after induction and before turning the patient 
to prone position, while parameters in prone position were recorded after 30 minutes from putting the patient in 


prone position. 

As regarding Vr, it was statistically significant 
lower in PCV group than VCV group in prone 
position (P=0.000), while there was no significant 
difference between the two studied groups in supine 


position. As regarding ETCO2 there was no 
significant difference between the two studied 
groups in supine or prone positions. As regarding 
RR, it was statistically significant lower in PCV 
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group than VCV group in supine & prone positions 
(P=0.004 and 0.001, respectively). As regarding Ppeak 
and Ppa, they were statistically significant lower in 
PCV group than VCV group in supine and prone 
positions (P=0.000, all). As regarding Cayn, it was 
statistically significant higher in PCV group than 
VCV group in supine and prone positions (P=0.001 
and 0.000, respectively), as shown in (Table 1). 

Comparison between respiratory parameters in 
supine and prone positions was done in the following 
points: Ppeak in VCV group. Ppeak in PCV group. Ppiat 
in VCV group. Ppa in PCV group. Cayn in VCV 
group. Cayn in PCV group. 


With parameters in supine position were 
recorded in supine position after induction and before 
putting the patient in prone position, while 
parameters in prone position were recorded after 30 
minutes from putting the patient in prone position. 
Ppeak in Supine position was statistically significant 
lower than in prone position in VCV group and in 
PCV (P=0.000, both). Ppia in supine position was 
statistically significant lower than in prone position 
in both VCV group and in PCV (P=0.001 and 0.000, 
respectively). Cayn in supine position was statistically 
significant higher than in prone position in VCV 
group and in PCV (P=0.000, both). That is shown in 
(Table 2). 


Table (2): Respiratory parameters during mechanical ventilation according to patient position. 






































Supine Prone 

Item (n=30) (n=30) P-value 
b VCV 20.1+1.2 21.8+0.41 0.000* 
peak PCV 18.5+1.04 20.3+0.75 0.000* 
7 VCV 19.2+1.0 19.9+0.8 0.001* 
Plat PCV 17.140.76 18.5+0.7 0.000% 
Ca VCV 39.8+4.1 30.8+3.7 0.000* 
5 PCV 43.0+3.1 38.6+3.1 0.000* 





As regarding demographic data there was no significant difference between the two studied groups as 


shown in (Table 3). 


Table (3): Demographic data. 
































Item alan Ae P-value 

Age (years) 33.03+10.0 31.349.3 0.489 
Male 25(83.3%) 21(70%) 

Gerder Female 5(16.7%) 9(30%) pear 

BMI (kg/m2) 25.441.9 24.344.2 0.218 











Comparison between the two groups of ventilation group (I) and group (II) was done in: ABG preoperatively. 
ABG intraoperatively in prone position. ABG postoperatively. 


With preoperative parameters were recorded 24 hours preoperative, parameters in supine position were 
recorded in supine position after induction and before putting the patient in prone position, while parameters in 
prone position were recorded after 30 minutes from putting the patient in prone position. As regarding 
Perioperative arterial blood gas analysis, Pao2 was statistically significant higher in PCV group than VCV group 
intraoperatively in prone position and postoperatively (P=0.002 and 0.000 respectively). But there was no 
significant difference between the two studied groups regarding PH or PaCo2 as shown in (Table 4). 
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Table (4): Arterial blood gas analysis of the studied groups. 





















































VCV Group PCV Group 
Item (n=30) (n=30) P-value 
Preoperative 7.38+0.03 7.38+0.02 0.681 
PH Prone 7.36+0.03 7.338+0.03 0.092 
Postoperative 7.39+40.03 7.39+40.02 0.761 
Preoperative 82.343.6 82.1+4.03 0.808 
Pao2 Prone 150.7+421.5 166.8+17.4 0.002* 
Postoperative 82.2+3.4 90.1+3.6 0.000* 
Preoperative 38.843.3 37.9+2.5 0.226 
PaCo2 Prone 36.1+1.9 35.4+2.6 0.221 
Postoperative 38.4+1.9 38.6+1.8 0.647 
DISCUSSION in the obese group (BMI<32 kg/m2) was 


The results of the current study indicated 
that, in patients undergoing posterior lumbar spine 
surgery in the prone position when the patient was 
anesthetised and turned from supine to prone 
position, airway pressure increased including peak 
airway pressure (Ppeax) and plateau pressure (Ppiat) in 
both groups. The increase in airway pressure resulted 
in decrease in the dynamic compliance (Cayn) in both 
groups also. 

Pressure controlled ventilation provided 
lower airway pressures and higher compliance 
compared with volume controlled ventilation when 
the ventilator was setted to deliver the same tidal 
volume (8 ml/Kg) and to maintain a constant end 
tidal CO2 of (33-35 mmHg) in both modes. 

This improvement of Cdyn was reflected on 
intraoperative and postoperative oxygenation for 
these patients. Intraoperative and postoperative 
oxygenation both were significantly higher in PCV 
group (group II). Oxygenation which was higher in 
PCV was recorded intraoperatively in prone position 
and one hour postoperatively in the recovery room, 
which is appropriate for this type of surgeries. So 
pressure controlled ventilation mode might be more 
appropriate for general anaesthesia in prone position 
especially in posterior lumbar spine surgeries. 

Comparing the two modes of ventilation in 
our study we considered keeping the targeted Vr, 
ETCO2 (through controlling the respiratory rate) and 
PEEP constant in both groups to increase the 
accuracy of results as these parameters are affecting 
airway pressure and dynamic compliance which are 
the primary outcome of the study. We targeted a 
constant Vr of (8 ml/Kg) in both groups, constant 
ETCO2 of (33-35 mmHg) by controlling the RR and 
constant PEEP of 0 (zero). 

Patients with a BMI >30 kg/m2 were 
excluded from this study to avoid additional 
confounding factors because obesity may alter 
pulmonary mechanics during prone position. A 
previous study demonstrated that, when patients 
were prone positioned on the Wilson frame, the Ppeak 
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significantly higher than that in the normal group 
(BMI>27 kg/m2) in the supine and prone positions 
during VCV ®. The result of this study does not 
extend to obese patients, and further study is needed 
to elucidate the difference between VCV and PCV 
with regard to pulmonary mechanics in obese 
patients. 

As regarding the constant parameters of 
ventilation in the two studied groups: Vr was 
Statistically significant lower in PCV group than 
VCV group in prone position, while there was no 
significant difference between the two studied 
groups in supine position. ETCO2 there was no 
significant difference between the two studied 
groups in supine or prone positions and as regarding 
RR (which used to control the ETCO2) was 
statistically significant lower in PCV group than 
VCV group in supine and prone positions. And these 
results confirm that these parameters were fixed 
during the comparison between the two modes of 
ventilation, in other words, fixed VT of 8 ml/Kg and 
ETCO2 of 33-25 mmHg. 

As regarding the respiratory dynamics: 
Ppeak in prone position was statistically significant 
higher than in prone position in both groups, VCV 
group and PCV group. Preak was statistically 
significant lower in PCV group than VCV group in 
both supine and prone position. Ppiat in prone position 
was Statistically significant higher than in supine 
position in both groups, VCV group and PCV group. 
Polat Was Statistically significant lower in PCV group 
than VCV group in both supine and prone positions. 
Cayn in prone position was statistically significant 
lower than in prone position in both groups, VCV 
group and PCV group. Cuayn was statistically 
significant higher in PCV group than VCV group in 
supine and prone positions. 

And these results confirm that PCV is a 
better mode than VCV for respiratory dynamics of 
this type of patients which decreases also the 
incidence of intraoperative and postoperative 
atelectasis and improves ventilation. 
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As regarding oxygenation: As regarding 
Perioperative arterial blood gas analysis, PaO2 was 
statistically significant higher in PCV group than 
VCV group, intraoperatively in prone position and 
postoperatively. But there was no significant 
difference between the two studied groups regarding 
PH or PaCO2. 

And these results reflect that PCV is a better 
mode than VCV for respiratory dynamics of this type 
of patients which improved intraoperative and 
postoperative oxygenation due to improved 
ventilation. In a study conducted by Krayer et al. 
where they used computed tomography (CT), they 
demonstrated that the end-expiratory position of the 
diaphragm did not change in patients with supine 
position after the induction of anaesthesia and 
relaxation of muscles, whereas there was a 
significant upwards volume shift in prone position. 
The movement patterns of the diaphragm during 
mechanical inflation in supine position are uniform, 
while most movements in prone position are in the 
dorsal region. As a result Ppeak and Ppia increased and 
Cdyn decreased after patient turned to prone position 
©. Similarly, in the current study, Ppeak and Ppiat 
values increased and dynamic compliance values 
declined in both groups of ventilation after prone 
position. 

Jo et al. “” found lower Ppeak levels during 
PCV in both supine and prone positions when 
compared with VCV. Kim et al. ® compared the 
PCV and VCV modes during prone position in high- 
level spinal cord injury patients and found that Ppeak 
increased after prone positioning in both groups, but 
this increase was significantly higher in VCV group 
compared with PCV group, results in those studies 
are the same with our results in this study. 

Major finding of the present study is PCV 
mode was associated with lower Ppeak and Pplateau 
levels during both supine and prone positions. 
Licker et al. “” and Oeckler et al. “”) have been 
showed that elevated respiratory pressures could lead 
to acute lung injury (ALI), and also minimal 
increases in Ppeak can result in postoperative ALI risk 
43. Boussarsar et al. * reported that Ppiateau lower 
than 35 cmH20 was associated with lower incidence 
of death and barotrauma in surgical cases under 
general anaesthesia. 

Palmon et al.“°) have reported an 18% 
decrease in Cayn when patients were turned to the 
prone position on the Wilson frame during VCV. 
This is consistent with the results of our study, in 
which the Cayn decreased in the VCV group after 
prone positioning. The Cayn in the PCV group was 
significantly higher compared with the VCV group 
during both supine and prone positions. These results 
are contrary to those of a recent study in which Choi 
et al. “® reported that PCV did not improve Cayn 
during one lung ventilation in the prone position. 
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Pelosi et al. ©” studied the effects of prone 
positioning on respiratory mechanics in 17 patients 
operated for disc herniation and reported that there 
was no change in the compliance of the lungs, chest 
wall, and respiratory system. We observed that 
compliance decreased in both groups of PCV and 
VCV in prone position contrary to the findings of 
Pelosi et al. 

Wahba et al."®) found that oxygenation 
improved, PaCO2 values did not change, and EtCO2 
values decreased in prone position in their study 
where they performed elective lumbar 
decompression surgery for 20 patients of ASA I-II. 
The researchers concluded that this result was 
associated with the increased excretion of CO2 due 
to elevated tidal volume caused by increased 
flexibility of the chest wall in prone position and 
declined cardiac output leading to decreased EtCO2 
value. Similar to the study conducted by Wahba et 
al. (9, PaO2 values were also observed to increase in 
prone position in both groups in our study as well, 
but higher with PCV group. Likewise, PaCO2 values 
in prone position also decreased in both groups. 
However, EtCO2 values did not change. 

Pelosi et al. “” had reported that there were 
no significant differences in arterial oxygenation in 
addition to estimated physiological dead space ratio 
(VD/VT) between the supine and prone positions 
during VCV without PEEP. This study also showed 
significant increase in oxygenation with PCV group 
than VCV. 


CONCLUSION 

During general anesthesia of posterior lumbar 
spine surgeries in prone position it was found that 
both Ppeak and Ppiat increased after the patient was 
turned from supine to prone position while dynamic 
Cayn decreased. Comparing VCV versus PCV, with 
keeping of the tidal volume at 8 ml/kg and ETCO2 
of 33:35 mmHg, it was found that Ppeak and Polat 
decreased and the Cayn increased with the PCV group 
compared with VCV. As a result, oxygenation was 
better with the PCV group in both intraoperatively 
and postoperatively. 
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